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EXPERIlffiNTAL DIABETES MELLITUS IN BABOONS 
CHAPTER I 
INTRODUCTION
Significance of Proposed Research 
The microangiopathic changes which have been described In capil­
laries of muscle and skin (1, 3, 26, 58) In diabetics are morphologi­
cally similar to the changes found In diffuse, and possibly also nodular 
glomerulosclerosis In diabetics. Although proof Is lacking, the concept 
that the microangiopathic changes In muscle capillaries and renal glomer­
uli In diabetics have a similar pathogenesis Is an appealing one.
Recent studies (52, 53) In humans have suggested that the microangio­
pathic changes In muscle capillaries In diabetes may be due to a separate 
hereditary trait rather than to poor therapeutic control of the diabetic 
process. This hypothesis has not as yet been universally accepted. If 
It is proven to be true, then the rigid control of the blood sugar level 
In human diabetic patients might be unnecessary. On the other hand. If 
the microangiopathic changes are due to the chronic elevation of blood 
sugar level or other factors present In uncontrolled diabetes mellltus, 
then the careful regulation of the diabetic process would be justified.
It Is difficult to approach this problem directly In humans, since the 
necessary renal biopsy procedures are too risky to be done repeatedly,
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and it is almost impossible to satisfactorily identify individuals who 
will develop diabetes in the future, and to obtain "before and after" 
observations. The above problem has been approached through the study 
of animals with artifically induced diabetes mellitus. Observation of 
the glomeruli of the kidney are made before and after the creation of 
diabetes by pancreatectomy. Only one such study (24) has previously 
been rejjorted in non-human primates, and the results suggested a rela­
tionship between both poor diabetic control and a high carbohydrate 
diet and microangiopathy.
Although the microangiopathic changes which occur in human diabetic 
patients have been clearly documented (1, 3, 8, 10, 11, 15* 19* 26, 35*36 
37. 48, 51 f 53, 58), the way in which these lesions develop is not well 
understood. The problem of "before and after" sampling is again a seri­
ous impediment to the study of this process in humans. Means of circum­
venting this problem are limited to the study of human tissues shortly 
after the onset of diabetes. It seems unlikely that diabetes has a 
sudden onset, however, even though the first overt manifestation of the 
disease may appear during a short period of time. It is now clear that 
microangiopathic changes do occur in dogs (12) and monkeys (24) with 
experimental diabetes, even though some disagreement exists as to whether 
or not the lesions are exactly similar to those in human diabetics.
The sequential examination of renal biopsies in diabetic baboons should 




Glomerular Structure in Human Diabetes
The first description of a glomerular lesion characteristic of 
diabetes was made by Kimmelstiel and Wilson (36)» who observed what 
they called "intwcapillary glomerulosclerosis". Since this important 
publication, a multitude of papers concerning the pathology of the 
kidney in diabetes has appeared.
Diabetic glomerulosclerosis comprises three groups of lesions: 
the diffuse, the nodular, and the exudative.
The term exudative lesion has been used for the fibrinoid cap alone, 
and for the fibrinoid cap as well as the capsular drop and arteriolar 
hyaline change. Salinas-Madrigal (50) suggested "insudative" lesion 
instead of "exudative", because he thought there was no true exudation 
of material; rather, the process represented insudation into the capil­
lary or arteriolar walls.
The ultrastructure of human diabetic glomerulosclerosis has been 
elucidated by a great number of investigations reported during the late 
1950's and 1960’s, the work of Irvine et al. (31), and of Bergstrand and 
Bucht (9, 10) being among the first, followed by Farquhar et al. (19), 
Kimmelstiel et al. (3̂ , 35), Bloodworth (11), and Dachs et al. (15).
It was early ascertained that a thickening of the peripheral base­
ment membrane was characteristic of diabetes. This thickening can be 
uniform or irregular. A thickening of up to ten times greater than 
normal has been reported. The amount of mesangial matrix is also in­
creased and this is most often described as a deposition of a basement 
membrane-like material in the mesangial region. When these changes are
k
of moderate degree, thqy seen to correlate with the light microscopic 
picture of diffuse glomerulosclerosis, The mesangial lesion, however, 
can progress, and when the deposition of basement membrane-like mate­
rial in this region has reached a high degree, a nodular lesion is 
formed. The general point of view is that these processes, the peri­
pheral and the mesangial, progress side by side. Kimmelstiel et al. 
(35), however, think that they develop independently, and state that 
nodular glmerulosclerosis may occur without thickening of the periphe­
ral basement membrane. In the most severe lesions, collagenous fibrils 
can be identified in the condensed mesangial regions.
It is generally accepted that it takes several years for nodular 
glomerulosclerosis to develop in patients with diabetes. Opinions are 
divided however, as to the time of appearance of the diffuse glomerular 
lesion. During the last few years smne investigators have claimed that 
a thickening of the basement membrane could be observed by electron mi­
croscopy very early in the disease, and in some cases at the time of 
initial diagnosis (ll). A few reports on basement membrane thickening 
in so-called prediabetes have also appeared (I6).
Since the duration of newly discovwed diabetes in old patients is 
very uncertain, investigations of the basement membrane have been con­
ducted in patients with recent onset juvenile diabetes. Investigations 
by Kimmelstiel et al. (35), on the contrary, found the peripheral base­
ment membrane of normal thickness in cases of recent diabetes in young 
patients.
There are also some investigations of glomerular structure in pan­
creatic diabetes. Lonergan and Robbins (39) studied postmortem renal
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sections from sixty two patients with hemochromatosis and diabetes, the 
duration of diabetes being five to nineteen years in twenty one of the 
patients. They did not observe intercapillary glomerulosclerosis in 
any of these cases. Nevertheless, Becker and Miller (6), in twenty two 
patients with hemochromatosis and associated diabetes, found four with 
diffuse and nodular glomerular lesions and three with only diffuse 
changes. There were no cases of glomerulosclerosis in thirty cases of 
hemochromatosis without diabetes.
Electron microscopic studies of glomerular capillaries were made 
by MacDonald and Ireland (̂ 3) on five cases of pancreatic disease with 
accompanying diabetes. The glomeruli were normal by light microscopy 
in all cases except one, where there was an early diffuse lesion. A 
recent study by Ireland et al. (30), showed a definite increase in 
thickness of the basement membrane in seven of the secondary diabetics.
Glomerular Lesions in Experimental Diabetes 
Permanent diabetes can be produced in animals in several ways 
(21, 55)• A few of these methods have been used in investigations of 
renal pathology in experimental diabetes and only those will be men­
tioned in the following.
Alloxan was introduced as a substance producing permanent hyper­
glycemia by Bruschwig et al. (13), based on the discovery by Dunn 
et al. (18), that alloxan was a selective beta cell toxin. In a number 
of species, alloxan produces a permanent diabetes. The fact that al­
loxan is definitely toxic to renal tissue, especially the tubular ep­
ithelium, is of importance in evaluating the effect of alloxan diabetes
6
on the kidney. Alloxan is rapidly eliminated from the blood (38) and 
this fact can be used in a procedure aimed at protection of the kidney 
during the short phase of beta cell destruction (45). Alloxan has been 
the most extensively used substance in producing diabetes in studies of 
glomerulosclerosis. In a single study, Foglia et al. (2l), used pan­
createctomy. The main reason for its limited use in experimental di­
abetes seems to be the technical difficulties associated with removal 
of the pancreas in many species.
Many hormones cause temporary alterations in carbohydrate metabo­
lism. In 1937# Young (57) reported the production of a permanent di­
abetic state in dogs following a limited number of injections with 
anterior pituitary extract. Later investigations showed that the active 
agent was growth hormone. The action of this hormone is thought to be 
the provocation of a temporary hyperfunction of the beta cells in the 
pancreatic islets, which is followed by degeneration and, eventually, 
necrosis. When this phase has been reached, only alpha cells can be 
identified in the islets and a permanent diabetic stage has been pro­
duced.
Most studies of experimental diabetic nephropathy have been per­
formed in rats.
In the study of Foglia et al. (21), diabetes was induced in rats 
by pancreatectomy. After two to twelve months of hyperglycemia, 88$ 
of the rats had glomerular lesions. The mesangial areas were increased 
and the walls of the glomerular capillaries were thickened.
Gerritzen et al. (23), made five rats diabetic with alloxan for ten 
months. They were not able to observe any changes in the glomeruli
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(or other organs) comparable to those observed in human diabetes. 
Nevertheless, their report describes and illustrates hyaline swelling 
of the capillary walls in Uie glomeruli.
Alloxan diabetes in the golden hamster was studied by Beaser et al. 
(4, 5)« The animals were treated with protamine zinc insulin. Differ­
ent degrees of glomerulosclerosis were observed, the most severe of 
which were PAS-positive (Periodic acld-Schiff) irregular thickenings of 
the peripheral capillary walls. Nodular lesions of the Kimmelstiel- 
Wilson type were not seen.
Glomerulosclerosis in the diabetic dog was first described by 
Lukens and Dohan (4l). One dog, made diabetic by injections of pitui­
tary extract, survived for five years. The dog received several short 
courses of insulin therapy which consisted of thirty to thirty six units 
of an unspecified type of insulin. The glomerular lesions resembled 
the early changes of human inter capillary glomerulosclerosis.
Bloodworth (12) made dogs diabetic with growth hormone (five ani­
mals) and with alloxan (five animals). The duration of the diabetes 
was from about one to six years. The diabetic dogs received from ten 
to twenty five units of neutral protein Hagedorn (NPH) insulin (Lilly) 
daily. All of the diabetic dogs developed diffuse glomerulosclerosis, 
that is, PAS-positive thickening of the mesangial region or, in the most 
severe cases, almost complete obliteration of the glomerular area. By 
electron microscopy, the capillary basement membrane was estimated as 
being from two to four times thicker than in the controls. This change 
was seen in all diabetic animals and in almost every capillary loop 
studied, but the thickening was not uniform. The next phase in the
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development of the glomeriilar lesion was the formation or proliferation 
of irregular interdigitating branches of basement membrane-like material 
in the mesangial areas. Bloodworth considered the process to advance 
as follows • There Vas a gradual formation of Irregular projections of 
basement membrane-like material or "basement membrane branches" inward 
from the basement membrane into the cytoplasm of the underlying cell.
The process occurred in the peripheral as well as the mesangial parts of 
the loops. As the process continued, the "mesangial matrix" was grad­
ually incorporated into the basement membrane-like material in this 
area. The last step was the formation of the typical nodule, which was 
described as a meshwork of interdigitating basement manbrane-like 
branches in which nuclei and small islands of cytoplasm were trapped. 
Endothelial cells and mesangial cells showed swelling and proliferation, 
and this change was correlated directly with the amount of basement 
membrane thickening and proliferation of basement membrane-like branches.
The glomerular ultrastructure in alloxan diabetic monkeys was stud­
ied by Gibbs et al. (24). Lesions of the glomeruli consisted of accumu­
lations of basement membrane-like material in the glomerular tufts.
There was thickening of the capillary basement membrane and some swell­
ing of endothelial cytoplasm.
The ultrastructure of the alloxan diabetic rat was studied by 
Osterby et al. (46). An increase in the mesangial area was seen by 
electron microscopy. A diffuse thickening of the peripheral basement 
membrane was noted in the capillaries of several glomeruli, but the 
thickening varied. None of basement membrane changes were present in 
control animals. The epithelial cells showed some cytoplasmic changes.
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that is, the presence of large dense bodies and giant bodies with 
myelin figures. A pronounced fusion of foot processes was only occa­
sionally observed.
General Ob.ieetive and Specific Aims 
In reviewing the history, it is apparent that the published ultra- 
structual observations of the glomeruli in experimental diabetes are 
incomplete, especially in the primate. The aim of this study is to 
sequentially document the early changes which occur in the renal glomer­
uli in depancreatized baboons.
The previous studies of glomerular changes in experimental diabetes 
have been concerned with determining whether or not changes develop, and 
with a comparison of carefully versus poorly managed (diabetic) animals. 
In the latter study, the inclusion of too many variables precluded a 
satisfactory pathogenetic interpretation of the structual changes.
Present knowledge suggests that diabetic glomerulosclerosis is 
produced by a diffuse thickening of the glomerular capillary basement 
membrane, or by proliferation of basement membrane-like material in the 
mesangium (or both). In the present study, six animals who have been 
depancreatized for twenty two to twenty five months are examined.
These animals have had renal biopsies at intervals of six to twelve 
months, so that control and sequential experimental materials are 
available. The sequential study of renal glomeruli in an adequate 
sample of similarly managed animals should allow us to observe tJîe 
quantitative and qualitative changes in the depancreatized primate 
model.
CHAPTER H  
MATERIALS AND METHODS
The colony has nineteen pancreatectomized baboons whose ages vary 
from four to more than ten years, and who have been diabetic for one to 
four years. Six of these animals with similar duration of diabetes, 
varying from twenty two months to twenty five months, were selected for 
study in order to concentrate on early changes. The age of these six 
animals varied from four and one half years to old age.
These animals were maintained on similar diets of 200 grams Purina 
chow twice daily, plus apples, carrots and oranges with water ad lib, 
and insulin. The insulin dosage was adjusted as necessary to maintain 
three + to four + glycosuria at 8:00 A.M. and one + to two + glycosuria 
at 4:00 P.M. The urine sugars were checked daily by using dip reagent 
strips (14), The measurement of blood glucose (49) was obtained from 
each animal at approximately three to four month intervals.
The average blood glucose varied fr«n 277 mgs$ to 494 mgs$ with an 
average of 395 mgs$ for the colony, and 360 mgs$ to 494 mgs$ with an 
average of 418 mgs^ for the six animals to be studied. The urine sugar 
varied frmti three + to four + at 8:00 A.M. and one + to two + at 4:00 
P.M. for the colony, and varied from three + to four + at 8:00 A.M. and 
one + to two + at 4;00 P.M. for the six animals. Each baboon received
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dally Insulin (NPH) varying from six to twenty two units and two units 
of regular insulin to maintain the urine glucose of three + to four + 
at 8:00 A.M. and one + to two + at 4:00 P.M. The various examinations 
including serum urea nitrogen (28), serum creatinine (22), urine protein 
(44) and blood pressure were performed at appropriate time period. The 
blood pressure was measured in the right arm using a pediatric sphygmo­
manometer cuff and stethoscope, six minutes after injection of Sernylan 
(phencyclidine HCl), ten to sixteen mgs intramtmcularly.
Renal biopsies were obtained from each animal at the time of pan­
createctomy or during the time when one kidney of each animal was trans­
located underneath the skin. The serial needle biopsies were obtained 
from the translocated kidney at nine to twelve month intervals for a 
duration of two years. The pancreatectcany was performed three weeks 
after the tr ans location of the kidney. To control for the possible 
effect of translocation on renal morphology, two animals received bilat­
eral renal biopsies after approximately two years of diabetes. One 
baboon whose kidney was translocated without pancreatectomy also served 
for control purposes. In this animal the kidney was biopsied one and 
two years after translocation.
Tissues for light microscopy were fixed in Carnpy U  solution, 
embedded in paraffin, sectioned at two micra and stained with Hema­
toxylin-eos in (H & E) and Periodic acid-Schiff (PAS) stain.
Tissues for electron microscopy were fixed in osmium tetroxide 
(42), embedded in Epon (20 , 25 * 40), sectioned at 0.1 micra and stained 
with uranyl acetate and Reynold*s lead stain (4?). The details of 
technique of preparation for electron microscopy were as follows:
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Preparation of Stock Buffer Solutions 
The s-collidine buffer (0.2M) was prepared by putting s-collldine 
(2, 4, 6-trimethyl pyridine) (especially purified for EM) 2.6? cc and 
double distilled water 60-70 cc Into 100 cc volumetric flask* It was 
adjusted to pH 7*42-7.43 by addition of 1 N HCl*
Preparation of Fixing Solution 
Equal parts of the buffer solution and the ^  osmium tetr oxide so­
lution were mixed. For one biopsy specimen 1 cc of each was sufficient. 
The solution was kept on Ice from the time of preparation to the end of 
the fixing period*
Embedding In Epon 812 
1* The tissue was fixed for two hours*
2* Rinsed two to three times In s-collidlne buffer.
3* Placed directly Into dehydrating solutions of Increasing
percentages of alcohol, beginning with 50̂  If embedding pro­
cedure Is followed directly.
a) 50^ ethyl alcohol.......................... 10 minutes
b) 70$ ethyl alcohol...............*.* .**.*.. 10 minutes
c) 95$ ethyl alcohol  ..............  10 minutes
d) 100$ ethyl alcohol  .........*.••..*•*..*. 10 minutes
4. Infiltration:
a) Propylene oxide  .......................... 15 minutes
b) Propylene oxide.........................  15 minutes
e) Propylene oxide-epon Epoxy mixture 1 : 1 for one hour.
d) Propylene oxide-epon Epoxy mixture 1 : 2 for six hours. If
13
necessary the tissue can be left overnight.
e) Epon epoxy mixture for one hour.
f) Embed in Epon epoxy mixture in capsule,
Epon epoxy resin mixture:
Mixture A  ...........  «..  5*0cc
Mixture B ..............       5*0cc
2,4,6-tri (d imethylaminome thyl ) - phenol...... 0,2cc
(DMP-30)
A and B mixtures, propylene oxide and each resin were kept 
in the refrigerator in air and moisture tight containers. They 
were removed and left at room temperature for at least three 
hours before use. Any solution that appeared cloudy or showed 
any moldy growth was not used.
The embedding mixture of A & B was stirred for five min­
utes, then added to the DMP and stirred for five more minutes. 
The capsules were filled three fourths full and the tissue em­
bedded. The specimens were allowed settle to the bottom of 
each capsule and then centered. The specimens were then placed 
in the oven for polymerisation.
5. Polymerization:
a) 35 degrees C...........    12 - 24 hours
b) 40 degrees C.  ...........   12 - 24 hours
c) 60 degrees C     12 - 24 hours
The specimens were removed from oven after ccmplete polymerization
and put into containers for storage. Moisture exposure was avoided.
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Staining» Examination and Photography
The specimens for electron microscopic observation were sectioned 
with the Porter-Blnm nltramicrotome fitted with glass knives.
Ultra-thin sections were mounted on uncoated copper 300 mesh spec­
imen screens for electron microscopic study.
Ultra-thin sections were double stained with uranyl acetate and 
Reynold’s lead citrate stain.
The stained, ultra-thin sections were examined with an RCA EMU-3F 
electron microscope.
When desired fields were viewed in the electron microscope, photo­
graphic plates were exposed to the electron beam to secure appropriate 
electron micrographie data.
Procedure for Micrograph Interpretation
The following procedure was designed to reduce the number of sub­
jective factors involved in the evaluation of the electronmicrographs,
As previously described, the tissue fi*om each renal biopsy was em­
bedded individually in Epon. A technician labeled each block with a 
numerical tag. The tag number and respective date of biopsy were re­
corded for later reference. The blocks were then mixed in a container 
and randomly selected for sectioning by the investigator, who was un­
familiar with the correlation between tag number, identity of animal 
and duration of diabetes. This step was initiated to ensure a typical 
representation of each case and to reduce the possibility of any se­
lective sectioning.
One glomerulus from each serial biopsy was subsequently selected
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for sectioning according to size, with the largest receiving priority. 
This criterion was based on the observation that the equator of a glo­
merulus presents the optimal level for evaluation. Once selected, the 
glomeruli were randomly sectioned and all of the mesangial areas and 
capillary loops were photogra#ied.
The newly labeled micrographs were then presented for evaluation 
to a panel of pathology reviewers (Dr. Stout, Dr. Spargo and the inves­
tigator) . Each pathologist made his individual interpretations inde­
pendently. Remarks or significant findings were recorded according to 
the labels on the photographs. The evaluations of each investigator 
were then compared and a consensus was reached as to the interpretation 
of each case, through deliberation and reexamination of the photographs. 
The final step involved breaking the code and correlating the interpre­
tations with the duration of diabetes.
Methodology of Quantitative Study of Glomeruli 
In addition to the above studies, which were conducted primarily 
at the ultrastructural level, light microscopic evaluation of the glo­
meruli was done using the quantitative methods recently developed by 
lid aka et al. (29). Those methods allowed the objective measurements 
of the area occupied by the various structural components of the glo­
merulus, and consequently, the identification of abnormalities in these 
components.
Thin paraffin sections of kidney tissue, fixed in Carnoy II solu­
tion and stained with PAS, were observed under oil immersion (X1250), 
Bowman's capsule, the capillary basement membrane, the mesangium, and 
all nuclei were identified accurately, and a camera lucida drawing was
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made. The nuclei of mesangial cells were identified as those cells 
lying within the network of the PAS-positive fibrils of the matrix; 
the endothelial cells were situated within the capillary lumen; and 
the epithelial cells were next to the basement membrane in the urinary 
space. Polymorphonuclear leukocytes, lymphocytes, and monocytes were 
omitted. Free cells in capillary blood were also not included in the 
count. The total glratierular area was determined by guiding the planim- 
eter along the inner surface of Bowman's capsule. Five to ten of the 
largest glomeruli per case were selected for quantitative analysis.
CHAPTER n i  
OBSERVATIONS
Quantitative Analysis 
The mean total area, mesangial area and nuclei per glomerulus for 
the six baboons before and approximately one and two years after pan­
createctomy are shown in Tables 1, 2 and 3. This research project in­
volves three sets of data. Therefore the T test, which is often used
for a two data system, was not applicable in this situation. Instead 
all of the measurements were statistically tested and analyzed as a 
repeated measure design with three measurement periods (before, and 
approximately one and two years after pancreatectongr) (56). This meth­
od allows the best interpretation of the data.
The mean differences among the total area per glomerulus for the 
six baboons are as follows:
Time 1^ - Time 2^ 1764-.3 sq. micron
Time 3° - Time 2 8172.2 sq. micron
Time 3 - Time 1 6407.8 sq. micron
The differences between time 3 and time 2, and between time 3 and 
time 1 are statistically significant (P< 0.05). The difference be-
tween time 1 and time 2 is not.__________________ _____________
a - Time 1: Control observations prior to pancreatectomy
b - Time 2: Observations six to nine months after pancreatectomy
c - Time 3: Observations twenty two to twenty five months after




NORMAL CONTROL OBSERVATIONS: TOTAL AREA, MESANGIAL 



















#1 14558 2087.5 14.3 13.1 86.4
#2 14427 1565.7 10.9 14.9 68.9
#3 10510 1935.7 16.8 11.6 66.1
#4 12078 1982.0 15.8 14.5 78.9
#5 12556 1794.1 14.4 11.5 74.1
#6 11538 1772.9 15.8 24.1 107.0
Mean 12611.2 1856.3 14.7 14.95 80.21
Standard
Deviation 1608.8 184.8 2.1 4.7 15.0
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TABIE 2
DIABETIC BABOONS AT SEC TO NINE MONTHS: TOTAL AREA, 
















#1 13345 1858.4 13.5 10.8 62.6
#2 11380 1278.5 11.3 15.8 57.7
#3 11145 1448.0 13.6 10.6 52.9
#4 9423 1535.7 16.0 12.3 61.3
*5 8945 1114.2 12.3 10.2 46.9
#6 10843 1338.1 12.2 16.7 79.6
Mean 10846.8 1428.8 13.1 12.73 60.08
Standard
Deviation 1565.8 744.2 1.6 2.8 11.1
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TABI£ 1
n a U L  COIRSOL observations: total area. MESANGIAL 



















#1 14558 2087.5 14.3 13.1 86.4
#2 14427 1565.7 10.9 14.9 68.9
#3 10510 1935.7 16.8 11.6 66.1
#4 12078 1982.0 15.8 14.5 78.9
#5 12556 179^.1 14.4 11.5 74.1
#6 11538 1772.9 15.8 24.1 107.0
Moan 12611.2 1856.3 14.7 14.95 80.21
Standard •
Doviatioa 1608.8 184.8 2.1 4.7 15.0
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table 2
DIABETIC BABOONS AT SDC TO NINE MONTHS; TOTAL AREA. 
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DIABETIC BABOONS AT TWENTY TWO TO TWENTY FIVE MONTHS; 





( 8Q «inicpon) ( sq # mi cron)
Mesangial 










#1 22768 3792.6 16.5 11.9 120.8
#2 20241 3261.0 16.6 13.2 123.0
#3 22608 2730.6 14.3 10.8 94.2
#4 16041 3053.7 19.3 12.8 110.6
#5 18630 2820.0 12.2 12.2 102.9
#6 13826 2519.7 18.2 13.9 92.4
Mean 19019 3029.6 16.1 12.47 107.28
Standard
Deviation 3589.3 453.8 2.6 1.1 13.0
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The mean differences among the mesangial area per glomerulus for
the six baboons are as follows:
Time 1 - Time 2 427.5 sq, micron
Time 3 - Time 2 1600.8 sq. micron
Time 3 - Time 1 1173«3 sq. micron
Each of these differences are significantly different (P < 0,05).
The mean differences among the mesangial nuclei per 1000 square
micron of mesangial area for the six baboons are as follows :
Time 1 - Time 2 2.21
Time 2 - Time 3 0.26
Time 3 - Time 1 2.48
None of these differences are statistically significant.
The mean differences among the total nuclei (disregarding cell
types) per glomerulus for the six baboons are as follows;
Time 1 - Time 2 20.13
Time 3 - Time 2 47.20
Time 3 - Time 1 27.0?
Each of these differences are significantly different (P < 0.05).
The differential count of nuclei per glomerulus for the six baboons 
before and approximately one and two years after pancreatectomy are 
shown in Tables 4, 5 and 6. For statistical purposes the data of Tables 
4, 5 and 6 are analyzed as a 3 X 3 factorial arrangement of treatments 
with repeated measures (56). The three types of cells act as the three 
levels of one factor and the three measurement periods act as the three 
levels of the other factor. The primary interest is upon the simple 
effects of time periods within each cell type.
The means for the mesangial cells are significantly different 
(P < 0.05) at the three time periods. This difference is primarily due
22
TABI£ 4
NORMAL OONIROL OBSERVATIONS: DIFFERENTIAL 
COUNT OF NUCLEI PER GLOMERULUS









#1 26.4 30.5 19.6 22.7 40.4 46.8
#2 21.2 30.8 19.1 27.7 28.6 41.5
#3 20.7 31.3 17.6 26.7 27.8 42.0
#4 28.6 36.3 21.9 27.7 28.4 36.0
#5 20.6 27.8 24.7 33.4 28.8 38.8
#6 42.5 39.7 32.6 30.5 31.9 29.8
Mean 26.7 32.7 22.6 28.1 31.0 39.2
Standard
Deviation 8.4 5.5 4.8
23
TABLE 5
DIABETIC BABOONS AT S H  TO NINE MONTHS: DIFFERENTIAL 








f  of 
Total
#1 19.1 30.5 14.4 23.0 29.1 46.5
#2 19.7 34.2 17.4 30.2 20.6 35.6
#3 15.2 28.7 22.2 41.9 15.5 29.2
#4 18.4 30.0 22.8 37.2 20.1 32.8
#5 11.4 24.4 18.3 39.0 17.2 36.6
#6 21.9 27.5 32.1 40.3 25.6 32.2
Mean 17.6 29.2 21.2 35.3 21.4 35.5
Standard
Deviation 3.7 6.1 5.1
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TABIE 6
DIABETIC BABOONS AT WENT! W O  TO WENTT FIVE MONTHS; 










#1 44.8 37.1 16.1 13.3 59.9 49.6
#2 44.3 36.0 20.9 17.0 57.8 47.0
#3 31.3 33.7 18.4 19.5 44.1 46.8
#4 39.6 35.8 22.0 19.9 49.0 44.3
#5 33.1 32.2 25.0 24.3 44.8 43.5
#6 34.1 36.9 25.9 28.0 32.4 35.1
Mean 37.9 35.3 21.4 20.3 48.0 44.4
Standard
Deviation 5.8 3.8 10.1
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to the large nmber of mesangial cells present ax time 3 (twenty two to 
twenty five months diabetic).
The means for the epithelial cells are not significantly different 
at the three time periods.
The means for the endothelial cells are significantly different 
(P <■ 0,05). Again, the primary reason for the difference is due to the 
large number of endothelial cells present at time 3 (twenty two to twen­
ty five months diabetic).
To test for the possible effect of tr ans location of the kidney, a 
quantitative analysis of the glomeruli was done on each kidney in two 
animals which had been diabetic for approximately two years. The re­
sults are shown in Table ?• There was no significant difference between 
the specimens obtained from the translocated kidney and the non-translo­
cated kidney in the two animals.
To test for the possible long term effects of translocation of the 
kidney, a quantitative analysis of the glomeruli was done in a non-pan- 
createctomized baboon. Biopsies were done at one year and two years 
after trans location. Unfortunately, the biopsy taken at the time of 
translocation was lost. The results are shown in Table 8. There was 
no increase in total glomerular size, mesangial area or mesangial cells, 
and no decrease in epithelial cells, such as were seen in all of the 
diabetic animals. The changes which were apparent in the quantitative 
analysis between one and two years in the control animal are difficult 
to evaluate at the present time. Another analysis at three years after 
translocation should allow the determination as to whether trans location 
produces any changes in the glomeruli.
table 7
EFFECT OF TRANSIOCATION OF KIDNEY ON QUANTITATIVE 






























kidney 22768 3792,5 16,5 11.9 44.8 37.1 16.1 13.3 59.9 49.6 120.8
Baboon #1,
non-translocated
kidney 20509 _3582.1 17.2 10,9 37.4 27.6 15.2 15.8 47.0 46.6 98.4
Baboon #4
translocated
kidn^ 16041 3053.7 19.3 12.8 39.6 35.8 22,0 19.9 49.0 44.3 110.6
Baboon #4
non-translocated
kidney 17179 2905,2 16,2 13,0 36,6 33,8 25.6 23.0 48.0 43.2 110.4
roON
Mes. - Mesangial; Mes, N. Density - Mesangial Nuclei per 1000 sq .micron of Mesangial Area; 
Epi. Cells - Epithelial Cells; End, Cells - Endothelial Cells; Mes, Cells - Mesangial Cells,
TABI£ 8
EFFECT OF TDffi ON QUANTITATIVE ANALYSIS OF 
GLOMERULI OF TRANSLOCATED KIDNEY IN 
A NONDIABETIC BABOON
Duration Total Mes. Mes. Mes. N. Mes. Cells Ëpl. Cells End. Cells Total
Area Area Area % of i of 56 ofof Renal (square (square Of
Translocation micron) micron) Total) Density Number Total Number Total Number Total Nuclei
One Year 15288 2088 13.4 13.2 27.6 33.8 14.8 20.9 35.0 45.3 77.4
Two Year 11040 1137 10.3 14.3 24.7 26.1 22.8 26.6 41.5 46.3 89.0
Mes. - Mesangial; Mes. N. Density - Mesangial Nuclei per 1000 sq .micron of Mesangial Area; 




Various miscellaneous examinations including the fasting blood 
sugar, serum urea nitrogen, serum creatinine, urine protein and blood 
pressure are listed in Table 9. Baboon #9, Linus, is a control animal 
whose pancreas was not removed and whose kidney was not translocated. 
Baboon #7, Alvin, had the highest serum urea nitrogen (twenty one mg^) 
with a serum creatinine of 2.4 mg^ and a moderate amount of urine pro­
tein. He was proven to have pyelonephritis in repeated renal biopsies. 
Baboon #15, Ora, had a serum creatinine of 1.4 mg^. Her urine cultures 
showed a significant growth of Ê. coli. She was treated with antibio­
tics.
Crystalline structures containing virus-like particles were seen in 
the cytoplasm of the endothelial cells in both control and diabetic baboons 
(Figure 22 - Appendix). The presence of these crystalline structures 
could not be correlated with clinical events.
Fine Structure of the Normal Baboon Glomerulus
Epithelium of the Glomerulus 
The visceral epithelial cell of Bowman’s capsule is continuous 
with the parietal epithelial cell of Bowman’s capsule at the vascular 
pole of the renal corpuscle. Ultrastructurally, the epithelial cell 
cytoplasm has broad extensions of trabeculi with foot processes
producing occasional arcades as they cover the external portion 
of the lamina densa. The cytoplasm of the nuclear region of the epi­
thelial cell contains mitochondria, Golgi apparatus and endoplasmic 
reticulum. The cytoplasm is occasionally vacuolated and has a spongy
TABLE 9
HlSCELLAliEOUS EXAMINATIONS
Fasting Blood Sugar(mg^) Serum Serum Urine Blood
Baboon Before After UreaPancrea­ Pancrea­ Nitrogen Creatinine Pressure
Sex tectomy tectomy (mf^) (mg^) Protein (nra Hg)
# 1 bona F 53 40276 10 0.9 + to + 124/90
# 2 Janice F 24 392.3 10 1.0 _ to + 116/80
# 3 Clark M 26 435.0 7 1.1 - 158/100
# 4 Marina F 46 424,0 11 1.0 + to + 100/82
# 5 Vivian F 75 359.8 12 1.0 - 140/104
# 6 Hailey M 79 493.5 9 1.0 - 148/106
# 7 Alvin M 118 445.6 21 2.4 + to 3+ 140/108
# 8 Jerry M 66 428.4 12 1.1 - 132/104
# 9 Linns F 85 a 16 0.9 - 106/88
#10 Susan F 57 393.6 7 1.0 - to + 118/90
#11 Aretha F 32 339.0 5 1.1 - to + 120/74
#12 Patty F 56 367.7 13 1.2 - 152/100
#13 Peddy M 52 489.3 8 1.3 - 94/64
#14 Gayle F 22 464.5 9 0.8 + to 2+ 100/72#15 Ora F 47 444.5 15 1.4 + to + 118/92
#16 Nita F 73 422.5 12 0.9 + to + 114/78
#17 Pauline F 42 336.3 13 1.1 - to f 108/80
#18 Vera F 43 309.8 9 0.9 - to f 100/60
#19 Rnby F 20 277.0 7 1.0 - to + 122/98
#20 Caledonia F 43 285.0 10 1.2 - 118/74
a - No pancreatectomy 
b - + ; 30 ing/dl; +
rovO
30 rag/dl; 2+ : 100 mg/dl; 3+ : 300 ng/dl; 4+ : 1000 mg/dl
30
appearance with a fibrillar network. Sometimes the cytoplasm has a 
beaded appearance.
Capillary Basement Membrane 
The basement membrane forms the principal framework of the glome­
rulus (Figure 9 - Appendix). It completely encloses the glomerular 
capillaries except at the Inner side of the capillary loop where the 
nucleus of the endothelial cell Is situated (Figures 10 and 11-Appendix).
The glomerular capillary basement membrane In the normal baboon Is 
a structure with a central dense layer having a layer of lesser density 
on either side. The basement membrane has a fine reticular structure. 
The thickness of the basement membrane varies slightly between different 
capillary loops of the same glomerulus. On the epithelial side there 
are occasional focal thickenings which have a hemispherical shape and 
are composed of material which Is Indistinguishable fPom the basement 
membrane.
Endothelium of the Glomerular Capillary 
The Inner surface of the glomerular capillary Is covered with 
endothelium. Except for the portion near the nuclear region, the 
cytoplasm of the endothelial cell appears as a sheet-like extension 
applied directly to the basement membrane. Occasional discontinuities 
are noted. In the perinuclear region there are cgrtoplasralc organelles 
such as mitochondria, Golgl apparatus and endoplasmic reticulum. The 
endothelial cells present a free surface at the capillary lumen. They 
are not separated from each other by bundles of basement membrane-like 
bars. The cytoplasmic matrix of the endothelial cell Is clear In
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appearance (Figure 11 - Appendix).
The mesangial cells occupy the center of the axial zones and are 
surrounded by loose teoctured basement membrane-like material (Figure 
12 - Appendix). The mesangium is composed of mesangial cells embedded 
in ground substance containing parallel fine filaments. Occasionally 
the fine filaments are in continuity with fibrils of equal density and 
thickness within the peripheral portion of the cytoplasm of the mesan­
gial cells.
Fine Structure of the Diabetic Baboon Glomerulus
The ultras true tural changes in the glomeruli after six to nine 
months of diabetes consist of a variable degree of definite accumula­
tions of basement membrane-like material in the glomerular tufts. At 
fifteen months of diabetes there is moderate glomerulosclerosis with 
electron dense deposits in the mesangial area (Figures 13, 14, 15 - 
Appendix). Increased mesangial matrix with collagenous fibrils is 
also evident at this stage (Figure l6 - Appendix). After twenty one 
months of diabetes, the glomerular lesion resembles a lobular sclerosis 
(Figure 1? - Appendix). There is alteration of the peripheral capil­
lary basement membrane consisting primarily of widening of the lamina 
rara interna (Figure 18 - Appendix). The peripheral capillary basement 
membrane also contains irregular densities and has a granular appearance, 
but is without actual holes. It appears as if the normal basement mem­
brane is "stretching and popping out". The texture is smooth on both 
sides of the capillary basement membrane (Figure 19 - Appendix). Occa­
sionally there are irregular identations of the capillary basement mem­
brane at the endothelial edge. These irregular identations are excep-
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tional rather than usual. Focal collections of electron dense, gran­
ular material were seen in the subendothelial area in one of the ani­
mals. These lesions resembled trapped complexes (Figure 24-Appendix).
After twenty four months of diabetes, there is a prominent central 
lobular glomerulosclerosis with lipid and electron dense deposits in 
the mesangial area (Figures 20, 21 - Appendix). There is a decreased 
amount of normal mesangial cytoplasmic material and an increased amount 
of mesangial matrix (Figure 23 - Appendix).
CHAPTER IV 
DISCUSSION
The results of the quantitative analyses show a significant in­
crease in the number of glomerular mesangial and endothelial cells, 
and a significant increase in total glomerular and mesangial area after 
approximately two years of diabetes. These findings are consistant 
with the results of a quantitative study of human diabetic glomerulo­
sclerosis (29, 33), and with the observation of Dachs et al» (15), 
showing an increase of mesangial cells in human diabetic nephropathy.
Although there is a consistant relative increase of epithelial 
cells (from 28.1$ to 35*3$ of total nuclei) in the six to nine month 
diabetic animals (Tables 4, 5), and a consistant relative decrease of 
epithelial cells (from 35*3$ to 20.3$ of total nuclei) in the twenty 
two to twenty five month diabetic animals (Tables 5, 6), the absolute 
number of epithelial cells in both control and experimental diabetic 
baboons remains approximately the same. The relative changes in the 
percentage of epithelial cell are due to the changes in absolute num­
bers of endothelial and mesangial cells.
The absolute decrease in the total glomerular and mesangial area 
in association with trans location of the kidney in the control animal 
is conspicuous. It is difficult to assess this finding in the absence
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of any significant light or electronmiorescopie changes in the glomer­
uli. Moreover, the fact that only two quantitative analyses (at one 
and two years after trans location) were available makes the evaluation 
of these absolute figures unfeasable at this time. A repeat quantita­
tive analysis at three years after trans location will hopefully resolve 
this question.
In view of the historic debate (2, 7»27, 32 ) concerning the exist­
ence of mesangial cells in the human glomerulus, it was Important to ex­
amine the normal baboon glranerulus in this regard. This study confirms 
the existence of distinct mesangial cells within the glomeruli of nor­
mal baboons.
A correlation between the intensity of renal damage, as observed 
in morphological studies, with Impairment of renal function can not be 
made in this study because most of the available renal functional data 
are within the normal limits (17)* We have hesitated to carry out more 
sophisticated measurements of renal function in the diabetic baboons 
for fear of inducing pyelonejhritis by instrumentation, etc. Other in­
vestigators (19) have shown that alterations in glomerular structure in 
humans are not necessarily correlated with the severity of diabetes as 
judged by insulin requirement, frequency of diabetic coma, altered re­
nal function or degree of proteinuria.
The ultrastructual changes in the glomeruli of diabetic baboons 
are progressive. At first there is a hyaline thickening of the mesan­
gial area with a conspicuous increase of basement membrane-like mate­
rial. This material is arranged in an irregular anastomosing network, 
and is in continuity with the basement membrane proper. The homogeneous
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basement membrane becomes focally thickened. The epithelial cells in 
some areas show distortion of their foot processes. Gradually, the 
mesangial matrix is focally replaced by collagen fibrils. Collagen is 
observed only in the mesangium. The experimental lesion increases in 
severity with increasing duration of diabetes. A definite glomerulo­
sclerosis, extending ftom the central lobular area toward the periphery 
is seen in all of the animals after two years of diabetes. The full 
blcwn Kimmelstiel-Wilson nodule was not observed.
The basic lesion in diabetic glomerulosclerosis appears to be a 
progressive increase in substances which morphologically resemble the 
normal constituents of the mesangial matrix and the capillary basement 
membrane. However, it is conceivable that the basement membrane-like 
material deposited in the mesangium may have a different chemical com­
position than that which is deposited in the basement membrane proper. 
From embryologie observations, Suzuki (5̂ ) has suggested that mesangial 
matrix is produced by the mesangial cells. Since the matrix does con­
tain carbohydrate, Dachs et al. (15), have suggested that the overpro­
duction of mesangial matrix in diabetic glomerulosclerosis is related to 
the disturbances in carbohydrate metabolism. Others have felt that the 
deposition of abnormal blood constituents in the mesangium may be im­
portant, The exact mechanism by which the mesangial matrix becomes in­
creased in diabetic glomerulosclerosis remains unknown. There is a cor­
relation between the number of glomerular mesangial cells and the 
amount of mesangial area after two years of diabetes in baboons. This 
correlation is not apparent in the animals which have been diabetic for 
six to nine months. It is possible that the increase in mesangial
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matrix is related to the increased number of mesangial cells, with the 
latter change being somehow influenced by the disturbance in carbohy­
drate metabolism.
This study suggests that the development of glomerulosclerosis in 
baboons with total pancreatectomy is directly related to the chronic 
hyperglycemia and glycosuria which is produced. The glomerulosclerosis 
which accompanies experimental diabetes in the baboon closely resembles, 
both qualitatively and quantitatively, the diffuse glomerulosclerosis 
which accompanies diabetes mellitus in man. These results in baboons 
may imply that diabetic glomerulosclerosis in man is due to the dia­
betic state rather than a separate hereditary defect of the capillaries.
CHAPTER V 
SUMMARY
A progressive gloraerulosclerosiswas demonstrated in baboons made di­
abetic by total pancreatectomy. The glranerular changes were present in 
all six animals after twenty two to twenty five months of diabetes.
In addition, quantitative analyses of glomeruli showed statistically 
significant increases in mesangial nuclei, endothelial nuclei, mesan­
gial area, and glomerular area after two years of diabetes in all 
baboons.
Ultras true tural changes were substantiated by the light microscopic 
findings. The glomerulosclerosis extended from the central lobular area 
and involved primarily the mesangium. Some peripheral capillary base­
ment membrane alterations were observed. These consisted of widening 
with irregular density and a granular appearance of the basement mem­
brane after approximately two years of diabetes. The control baboons 
(prior to pancreatectomy) showed uniformity of peripheral capillary 
basement membranes and no evidence of glomerulosclerosis.
One kidney was translocated to the subcutaneous tissue of the 
flank in each animal to facilitate the acquisition of serial needle 
biopsy specimens. To test for the possible effects of trans location 
on the kidney, two baboons had bilateral biopsies after two years of
37
diabetes. There vas no significant quantitative or qualitative differ­
ence between the specimens obtained from the translocated kidnqys and 
those obtained from the non-translocated kidnpy.
The glomerulosclerosis of experimental diabetes in baboons closely 
resembles the diffuse glomerulosclerosis which occurs in diabetes in 
man. The development of diabetic nejdiropathy in baboons suggests that 
diabetic glomerulosclerosis in man is due to the diabetic state rather 
than a separate hereditary defect of the capillaries.
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Photonicrograph of glomerulus from baboon without panereatectoiqy. 
(Hematoxylin - eosin stain, gOOX)
Figure 2







Photomicrograph of glomerulus from depancreatlzed baboon* nine 
months diabetic* The kidney was translocated.
(Hematoxylin - eosin stain* 5001)
Figure 4
Photomicrograph of glomerulus from depancreatlzed baboon* nine 







Fhotomierograph of glomerulus from depancreatlzed baboon# 21 months 
diabetic. The kidney was translocated.
(Hematoxylin eosin stain# 500QC)
Figure 6
Photomicrograph of glomerulus from depancreatlzed baboon# 21 months 







Photomicrogrmph of glomerulus from depancreatlzed baboon, 24 months 
diabetic. The kidney was not translocated.
(Hematoxylin - eosin stain, 500X)
Figure 8
Photomicrograph of glomerulus from depancreatlzed baboon, 24 months 







Electron photomicrograph of a portion of a glomerulus from control 
baboon. The basement membrane (EM) forms the principal framework of 
the glomerulus. The inner surface of the glomerular capillary is cov­
ered with endothelium (E). The mesangial cell (M) occupies the center 
of the axial zone and is surrounded by loose textured basement membrane­
like material. The epithelial cell has broad extensions of trabeculi 
with foot processes (F).






Electron photomicrograph of a portion of a glomerulus from control 
baboon. Higher magnification showing normal capillary basement mem­
brane (BM),









Electron photomicrograph of a portion of a glomerulus from control 
baboon showing uniformity of basement membrane (EM) and a normal endo­
thelial cell (E).





Electron photomicrograph of portion of a gleraerulus ftrom control 
baboon showing normal basement membrane (91) and a normal mesangial 
cell (M).







Electron photomicrograph of a portion of a glomerulus from depan- 
creatized baboon, fifteen months diabetic. There is moderate glomeru­
losclerosis characterized by an increase in basement membrane-like 
trabeculae (T) and electron dense deposits (D) in the mesangium. The 
mesangial area contains four mesangial cells. In the peripheral capil­
lary basement membrane there are Irregular foldings (arrows).





Electron photomicrograph of a portion of a glomerulus from depan- 
creatized baboon, fifteen months diabetic. There is glomerulosclerosis 
characterized by increased deposits of electron dense material (D) and 
basement membrane-like trabeculae (t) in the mesangial area.





Electron photomicrograph of a portion of a glomerulus fPom depan- 
creatized baboon, fifteen months diabetic. Higher magnification show­
ing electron dense deposits (D) in the mesangial area.





Electron photomicrograph of a portion of a glomerulus frran depan- 
creatized baboon, fifteen months diabetic. There are increased depos­
its of electron dense material (D) and collagenous fibrils (arrows) in 
the mesangium.





Electron photomicrograph of a portion of a glomerulus from depan- 
creatized baboon, twenty-one months diabetic. There is prominent 
glomerulosclerosis extending from the central lobular area character­
ized by increased basement membrane-like trabeculae (T) in the mesan­
gium.





Electron photomicrograph of a portion of a glomerulus from depan- 
creatized baboon, twenty-one months diabetic. In addition to the glo­
merulosclerosis (GS), there are alterations of the peripheral capillary 
basement membrane with widening of the lamina rara interna (arrows). 







Electron photomicrograph of a portion of a glomerulns from depan- 
creatized baboon, twenty-one months diabetic. Higher magnification 
shows widening of the peripheral capillary basement membrane (BM) which 
contains irregular densities and has a granular appearance. In general 
the texture of the widened basement membrane is smooth, and there are 
no focal area of destruction or actual holes. Occasionally there are 
irregular identations (arrows) of the capillary basement membrane on 
the endothelial edge.





Electron photomicrograph of a portion of a glomerulus from non­
translocated kidney of depancreatized baboon, twenty-four months dia­
betic. There is central lobular glomerulosclerosis with lipid (L) 
and electron dense deposits (D) in the mesangial area.






Electron photomicrograph of a portion of a glomerulus from non­
translocated kidney of depancreatized baboon, twenty-four months dia­
betic. Higher magnification showing collagenous fibrils (arrows), and 
electron dense deposits (D) in the mesangium.
(Reynold’s lead citrate and uranyl acetate, 22,230X)
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Electron photcztiicrograph of a portion of a glomerulus fl*om non- 
translocated kidney of depancreatized baboon, twenty-four months di­
abetic. Higher magnification showing a crystalline structure (arrow) 
containing virus-like particles in the cytoplasm of an endothelial 
cell,






Electron photomicrograph of a portion of a glomerulus fPom non­
translocated kidney of depancreatized baboon, twenty-four months dia­
betic. There is prominent glomerulosclerosis. In the mesangial area, 
there is decreased amount of cellular material compared to the metri­
cal (basement membrane-like trabeculae (T) and electron dense deposits 
(D)) material.






Electron photomicrograph of a portion of a glomerus from depan­
creatized baboon, twenty-one months diabetic. There are focal col­
lections of electron dense granular material (arrows) in the subendo- 
thelial area. This pattern has been seen in immune complex disease 
in man.
(Reynold’s lead citrate and uranyl acetate, 22,230X)
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Figure 24
